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(54)TitIe: SILICONE COMPOUNDS AND PROCESS FOR PRODUCING THE SAME 



(57) Abstract 

Silicone compounds characterized by _ _ 

comprising a polyphenylsilsesquioxane of cage C H 3 C H 3 

and/or ladder type and one or more I I 

triorganosilyl groups each having a reactive | | 

functional group X and bonded to all or part of Y — ^1— fl*-^i— Y f 3 1 

the SiO groups at the ends of the molecular A U i U O 1 i\ \ J 

chain of the polymer; and a process for I I 

producing the same, characterized by reacting a f* Uf f* LI 

silanol-free polyphenylsilsesquioxane of cage v II 3 v U 3 

and/or ladder type whose ends are closed in a 
cage-like form with a disiloxane compound 
having reactive functional groups X and 

represented by structural formula (3) in an organic solvent with heating in the presence of a catalyst for alkaline rearrangement and 
condensation until equilibrium is reached. The process can provide silicone compounds bearing reactive functional group(s) at the end(s) of 
the molecular chain and having excellent storage stability and satisfactory reproducibility of the properties including heat resistance. 
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£ jfj 5£ L /c <h C ^ . Si-CsHs IC » H 3 ft S !ft JR *<.l 5 9 
5 ci-'fttf 1 4 3 Ocr'i:, ifca*'Jv-i<7/-ll 
it & 15 -? & C <h£^-TSi-0-Si <Z)i£*tfrttiejgSft£ftJR 
$ ft S « JR *< 1 1 3 5 cm" 1 S. 1 0 4 5 cm" ' {c Sg fflij $ ft 
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. Si -OH ic M M £ ft -5 IS a 
tz 0 2 9 S i -MAS • NMR £■ 

^4i©sm(c J: 5 «B IS 
. t Fo + y;Hti^L 
R £>' - 6 2 ppm tt «g 9J $ ft 

^ife^j i 

->;l/-trX*;fr*-tf-> 8 It M 
+ ^7n f;P)-l,l,3,3-f 
i$ i s h x ^ 3 2 11 
6fi»gPcb. fi £ 3g lk SU ( 

. o 3 mmm & it & „ c 
# l 7 u# mm m l tz „ tt & 

s K m ib< Mti 
y-;i/5 o om»gi5ica^ 

W L /c > U ;U It # U 7 x - 

U ;U ft # 'J 7 x i *> ;U 4? 

tz o 

GPC I: «t 0 I 'J X f 1/ > 

I £ L f: i : ^ *!) 1 5 0 0 
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(1 3 4 0 0 cm 1 IC H ffiij $ tl ft 
mfeLtztZ?>-7 7 ppm iZ 
— Jls > JU -tr X 4- Ttr 4- -tf- > fi: 

< o ^ •> r ^ a< mm z n 

tz Site <D v ' ^ j- )\/ - 7 0 ppm 
-o tz 0 

Ltist ^ * ? 

3$ t 1,3-t'X 

h 7 y f ;V a + t > 8 I 

ttxft5fcitttyh*yi/) o 
«£• B$ li ^ M * ? * 7 * — 
*fc»»LTl>* 7 B$ Nl % IC 

jfc*^fi*-c&*iLx * * <c 

ii . * 4$ ic * * »J ;U g £ 
g £ W Lf:*-ii©ti-> 

x * u- > i a mm^ &m 
& w- <d m m ¥■ m ft =p m m w * 

#> o /c 0 KB r S£ #J & iC J; «9 
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jfcfl-iRiKx^? h ft Vt & mfe L tz t C ?> ^ m5tc;*;-r 
*${c S i - C 6 H 5 K»R$nS»iRi<l 5 9 5 cm '&.?>' 1 4 
3 Ocra '{C. Si-O-Si OiffittfrttieSttKiJRIBStl&R 
iR *< 1 1 3 5 cm 1 <h 1 0 2 0 cm 1 ic H M £ ft „ 1£ * U =/ 

■7'-»t , Jctt-5^-*ii**r-i - st)©«iJ><£<x * <o < 

lit LT^SO*<*)frofc„ * fc . S i -OH lc 

f «$n«R«tt 3 4 o ocr'taisni^ofc, 

1 H-NMRS. 1 3 C-MAS • NMR £ «ij L £ d <?> , HI 6 &; 
HI 7 ^ J; r> \z 3 - / 9 9 U n •> y p bf JU is t * 

is »; ;u s £ y * — ^ S 4» © h & £ c m IS PJ $ ft tz o * 

fc, 2 9 S i -MAS • NMR ^ L fc i ^ 6 0 8 jjt "T J; ? fc: 

1 0 . 9 ppm iz S - ^ 9 9 'J o + •> y o k" ^ ^ f- yl/ •> 'J 
;l/StfOSi^i7 9. 2ppm IcflEJH***"?.*— -/UfA* 
■trX + ^-^-y->#*S4'©Si^*<3iJgJt2 : 8 IS £ ft 

% 7. 7 ppm ic s a i ic t i ^ n t g t >; ^ 7 - * 

%=F<£1itl-C\,^&mWl,l, 3, 3- r- h5^A-l,8- } ; ( 

3-y * ? y d + v/^d b';i/) j; •> d +H- xfosift fcl 
®J $ ft o i£ /i . t Ko*->^Sii^L/:SiSo->^ 
A/ - 7 0 ppm &. - 6 2 ppm « IB Sfl $ ft ^ o tz o 

R*SS»+«-##fll 1 i L/:lit ^ ^ 7 
i' A'-bx + t + f > l 0 0 iiSUi i,3-t*x (z- * 9 9 
U p^->^u t° ) - 1 , 1 , 3 , 3 - t- -/U J* •> n * -fr :/ 

5 0 M * SB £ > * •> P > 2 0 0 fi » SB £ . * IMfc Hr -> •> 

a 2 iispi, m&m ±m ( »i ft ^ tt « ^ h + y>) 

0. 5«»gp^ttiA^-, C(OS^t|^l^ggl:T®I 
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W L 2 2 ®f ffl 1m t& L tz o z.omifc&m.U-ii-ettitWL, ^ 

0 0 omm.Ulz.&g&&, * 7 'J ;l/S^WU: 

•> U /U <b # U "7 3. — /U ^ /V -t? X * * -fr > ft fS it L 46 

0 ifclft£Jifc«J*a8iJLrt:SK * ^ & *£ L T . 6 fe @ # 
<D 5fc fc ^ ^7 U ;u K £ *r L rt: 5 ^ - M •> »; /Mb # U 7 
x-;l/->;HrX*t + t>7 2 ft M SB £• m 0 

GPC 'JXf l/VtlOll^il^^iM, * 

USLfctC6l)4 0 0 0 T? * o o KB r IS ?PJ J* ic <fc *9 
zfc 4* |R ifc x ^ 7 h^45-#f*M36LA:tc:*, H 9 »c * 
ti {c Si -CoH s {CM A $ ft -5 © iR ^ 1 5 9 5 cr'Rtf 1 4 
3 0 cm"' id. £fc^3-';3'^-a<-5* r -*fig£^<W-r 
5 : i^/^tSi-O-Si (D&ttftftffifilblcJfMSft&IK 
JR 1 I 3 5 cm" 1 ft & 1 0 4 5 cm" 1 \Z M mi £ ft o * rt: 
> Si -OH i:fI$n^tiR(i 3 4 0 0 cm" 1 tc ffi M $ ft 

1 H-NMR& L tz t C % , Ml 0 7ji ir £ r> iz 3- / ? 
9 U p * •> "7* u £ ^ y y f- A/ U ;i/ S (h "7 i — /l/ £ * © 
H & A< fiij $ ft o 2 9 S i -MAS • NMR 5r i S L f: i C 5 1 
0 . 9 ppm i;3-^ 9 9 >J o * •> :/ p fcT ;U : J / 1- •> U ;l/ 
S^OSitt i 7 9 . 2 ppm tc 5 ^ - M # U 7 * — )V •> /I/ 
•trX + ^ + -9-^#t&4 , ©Si^*<^J^Jt2 : 3 2 "Z? tS ffi'J ^? 
ft tz o 

^ j&fe « 3 
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y-^tX*>**>2 0 li«il,3-t7 ( 3 - V U *> K 
^ u tfyl/)-l,l,3, 3-t- h 5 y 1- JV f J •> n * if > l 8 

* * «S £ . hH>8 OfiMSPd:. 7k -tr •> ^ A 0 . 

5 B$ Pal Sn fR L rt: o ft & * B# « « M 3}- ? * 7 x - yl/ •> 

. R J6 i)< M V tc o ti '& * (c ?g ft? L T ^ £ 5 B# Pal & (c it -f 

m <d tK n-fb-b^^A^aajc^oisftiL^ax y * y - 

A> 1 0 0 Ofi*SP{cft^iA^ N *JSSJCJc.#+-->a*WL 
-> U ;Mb U 7 i^;l/^;l/-lrx + t + t ^ £• ft JS it L 
tbtz 0 fzWt.. 

^o^ffii^^ + i/S^fLfc^y-i^ y it # y 7 

* i^J/^tZ** + t V 8 3fi»SB£*#fco 

GPC {C«t«?^yx^U>^^(Dfi»¥-l%^?fiM* * 
m\feLtztC?>m2 5 0 0 T* £> o 0 ^P^iRiRx^^ h 
J\'fttir ; £:fflMl>ti££.z>^ Ml 1 ^ "T Ji S i - C 6 H , iz 
mmZtl&W.W.t)<l 5 9 5 cr'&tf 1 4 3 0 cm- ' (C N $. 

-O-Si ©i§*W^#«ilgi&{CiffS$tlSlRjR*<l 1 3 5cm 
' &. t>* 1 0 4 5 cm" 1 IZ fig M £ tl tz 0 3 tz , S i - OH IZ •)§ M 
£ ft £ i» iR « 3 4 0 0 cm ~ 1 {c |g $J £ ft /<£ ^ o 0 

' H - NMR £ $J 5t L <!: C 6 . Si 2 IC ^ t i ^ |: 3- / 'J 
•> K * •> ~f p tf ^ S> t =f- )V i/ y yi/ S t 7 x. i ;b I if © H 
»*<«»] StLfco 
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m.fcn%s *p tc # m i T* mm l tznm* ? 9 ? * - /u 

d b';M-l,l,3,3-f h-5y^;U-^->u4--9->2 0 * gfl 

<h, ^>-t*^8 ofiasi?<b. 7k Bt -fb -b ■> a o . i mm 
ra jp ^ l o cc^fg^^s^-e^int. * » * r * 

•9->^it3©{cj;«9l^*tfc^, 0 0 0 fi » 

SB «c & * iA * . *«i:7 ; Lfc-> 'J U 7 

i^;^>yn?^ + t + t>^a:IStlto/:„ ft IS £ f£ <0f 
£ it SU L /c & . MQ&M L T s SfeSttO^SSlCTS/ 
S * t L 7 y - S •> 'J ;Mk f> 'i 7 x ^ ;i/ •> ;i/ 1 7 + t 

* -9- > 1 6 m « sb £ s /c » 

GPC 'J PVtlOli^^ft^iM, 

f]^Lfc<!:C-5*!j4 0 0 0 T* $> ^ tz 0 * fl. R JR X ^ * h 

A* » *f * ffl'J S L tz t C * . El 1 3 fc * & Jc S i - C . H . K 

»JH$tl4RJR*<l 5 9 5 cm" 1 &. t>' 1 4 3 0 cm' 1 . £ 

-0-S i © £B ** I* # $i S tt K « IS $ n -5 9& JR *< 1 1 3 5 cm 
- ' R Zf 1 0 4 5 cm - ' {CIS m £ tl tz o * tz * S i -OH id « Jg 

tua 3 4 o o cn -i icaiisntt^ofc, 

1 H - NMR £ j»J £ L /c <h C 6 . IS 1 4 IC ^ f J; -j C3-7 5 

j»J $ n tz o 
5 
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^S*t3<£l>7^-S7 * — ;i/ # U •> u 4=- -9- > V # 
•J t - ( GPC IC J; S U X^P>&IScDS»¥-i£j#^» 
Mw 4000) 1 0fi»gB<tl,3-t:'X (3-/^^'Jo + ">y 
a fcf ;u ) - 1 , 1 , 3, 3 - -r h 5/f *5>J/ntf> 5 0 ft * SB 
£ 7§ ft? £ s U -> A 5 tI9t, * £ # ib »J ( 

»X^^4t*S!yh*y>) 0. 0 5 ligR^iti L, C 
OM^U^ljiitfi)ti:Tl}$Ll 0fifF B 1JDil/;o d co 

mm^^utx-nstaiL. m tz & & & o <t * v 2* 

^MMi^JiKim^Lfzm., n-'s + t > 1 0 0 omiSBK 

m g sl , * y * ? Lfcfj ;Kb # u 37 

x^;U<>vU^X***1*->£2*Jg:-ti:Li6/;:o ft It £ fife 

U Lfc7 ^ - M •> U A* ffc # U 7 x — )V •> ;U -tr X 

* * * if > 1 2 fi » SB £• ^ o 

GPC (C«fc«9^»JX^U>ifea[cDfi*^^^^«Mw £ 
ffl S L i C 5 *5) 5 0 0 0 & o „ S^iJRX^ ^ h 
^ 5> #f * m 5t L t C ^ . S i -C 6 H & ic » Jg $ ft & Ql 4X 

1 5 9 5 cm" 1 S. O* 1 4 3 0 cm" 1 tz N i fc g 'J Y - ^ 7 

- **& * *r & c <t ^^-rsi-o-si <d #ie?gsfr 
m m z ft z> m. w. a< 1 1 3 5 ci-'&o 1 1 0 4 5 cn-'cn 

mi $ ft > S i -OH lc4§JS£ft&?RJKte 3 4 0 0 cm" ' lz\ m Mi 
$ ft ^ o /c o 

1 H-NMR£ fflij ^ L tz t Z. -5 . 3- * * U n * ■> 7 a tr 

£Jfe« 6 
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i/;Hrx + t*t>9. 6 ii^ii l,3-t"x ( hf — ;u ) - 
I,1.3.3-"rh5yf-^y->n+-y-y4. 6 fi M g|5 £ . h 
;Ui>5 0 7R ®? fl: -tr •> -7 A 0 . 2 Iiai^tt 

C©«£4»*«SlEfi£i;:T3fc«#L8. 5 ^ ^1 An 
m L tz o c (D m & £ T* 'ft W L , ^»tt5feKJ6©7R 
»ft-b->fAiiS*i' * 7 x^.;P->;HrX + t + t> 

ii * . ^ JS ic t* - ;H ?r W L •> U ;u >f ti # U 7 
i/;H?X^^^-9->^^tlS-a:Lto/co it 13: £ sfc $3 £ it 8U 

7 fi 4 SB ft ft o 

GPC {c«fc«9tfyx^l/>gH£©fi»5p^#T»Mw * 

MSLA:i:i:**&3 7 00 T & o „ ^^iRiRX^^ h 

yl/»*f*W3feLA:t^*x HI 5 ^ t ^ I- Si -C,H 5 (c 

»il*nSlftJR*<l 5 9 5 cm" ' & Xf 1 4 3 0 cm - ' iC „ * 

-0-S i ®&ftfr#tt£lHw4ftjR3ft£giJK*<l 1 3 5 cm 

" 1 S. Xf 1 0 4 5 cm" 1 SI fflij $ tl tz 0 £ tz . S i -OH tc 'it M 
$ ft £ (R JR {* 3 4 0 0 cm" 1 K fg S'J $ tl ft ^ o tz 0 

1 H-NMR£ «ij 5£ L /c <h C 6 . gll 6 ic ^ t J; 9 t: ^ f 
yl/ ( h' - )V ) •>U^i(!:7i-;H(fOHK[A<ttffl$n 

/Co 

Hlfai 7 

+ 1 Til Lfc^lt ^ 9 7 * - 

•/;HrX + t + t>8liaiil,3-t'X (3-h K p * "> 
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^ p h^H-l.UJ-f h -5 f- -rt/ S> •> n * > 1 8 mm 
& t * h ^ 3 2 11$ 7Rg^t ■> O A 0 . 16 

fi * 35 £ ti: i£ * . C©S6«^SiSHi:t?Sj|j$L 1 
B# IB ft] & L £ o tt & * B# tt m M * 9 9 V s, — jl> > ji> -fe X 
+ ^- + t > O 6 fe t& * (i h ^ x y i; g « L 4" ^ o 
R £ j&< it ir o ft j& L T £ 1 b# Pal ft K tt ^ T j$ ft? 

^b-b->'>A*a[««c«t*)Ki5feLA:ak, 0 0 

fi * SB <h tR 4 0 OS*«©S^Sttfc&afii*. 5fc fc 

SSILt, 5fc C tc b Kn*i'S*t Lfc5/-Ii/ 'J 
A/ >fb # U 7i-J^^tX+* + ty 1 0 IlSP^i/: 

O 

GPC lafJ^'jXfl/VilOlifi^^fiM, «■ 
i£L/:i:6lll 4 0 0T*o^ 0 gfc H IS J& X ^ ? h 
^^*f*fflt Ufc i i: 6, EI 1 7{c^-r^(^Si-C 6 H 5 
#JR$ftSR<X*<l 5 9 5 cm" 1 S. {>' 1 4 3 0 en" 1 !:, £ 

-O-Si ®&ttfr#f8£9blC«lR3ft&|gkJR6<l 1 3 5 cm 
■'Rtf 1 0 4 5 CB"'cafl|*nfco * A: s S i - OH CAR 

£ ft * » 4X M: 3 4 0 0 cm " 1 JC « M 3 ft j&n o A: o 

1 H-NMR£ jffl ^ L tz t C . 3-h F o * •> 7* d t ^ ^ 
^ ;b »> U ASi 7 i - S * <D H & «g PJ $ ft 0 

mmm 8 

o-^^nn^V-tr^l 0 01ia54>Cf^{a|3T*lI 
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LtzM^i)<mik<D^ y - w. y x - ju ■/ )v -b x * * * -9- > 
fi£r# (GPC (c^^^ux^b^^^^fia^.!^^^ 1 * 
M w 100000) 1 0 tlSR t 1,3-h'X (3-Tiyyut°;U 
)-l, 1, 3, 3-t- Y^tf-A/Vi/v*-*:/* OfiMgp^TtM 

ioi L A:, C©jg*££^S*-e?£iPL. n - * -0- > 5 0 

0 * * m & 3 & * . * fig ic t 5 y * & w L •> u vMb 

X * * -tf- > It £ & 9 fi S SB £ ^ 0 

GPC CtMU 7f l/>-il0iIf ^^?IM, * 
/BU L <h C 6 #J 1 0 0 0 0 0 -P & o o i^KIXX^ 

? h^if^if u.t:5, si-CeHs t § 1 $ n 5 i 

iR & 1 5 9 5 cr'&t; 1 4 3 0 cm'fc , * R # U v — 
*<7/-iI4tt5:t*^tSi-0-SI ©a»*rffc#IB 
g» J- 4§ JB £ tl £ © iR 1 1 3 5 W'&tf 1 0 4 5 cm"' 
td II M £ n . Si -OH ^ Jl $ tl S © iR (± 3 4 0 0 cr'i; 

si m s n ft ^ o ^ o 

1 H-NMR^r iJ ^ L /: i C 5 n 3- T 5. J -f o f ;U : J / =f- )\s 

=y u a/ m t 7 - jv m 4> e> h & a< (t a% /<£ e> ta m $ n 

o 

^Jfefll 9 

* •> U > 5 0 + 2 T?«iftLfc5/5y- 
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u v - ( gpc tCctstf u i/ ^^mofia^-i^^-?-* 

Mw 10000)1 0SfiSPtl,3-h"X (3-^*>J •> K * •> 7" n 
tr;U)-l,1.3.3--r h^y^^^i/a + -9->5 0 * S £|3 £ 

£©ffl£«l«r«»Efi*»;:T«#L7 2 ^ FbI ilD ^ L /: o C 

<D^?s^^a*-r^4nL. m ft & r <d 4t i- h v 

*A£it«fc:«J;*3lifc±Lrt:8U 7 t h - MJ ;H 0 0 0 

m m m & ^ & * . * is x ^ + ■> s ^ l •> u ;u it 

£ £ S"J L & . IS^SLT, &fe@^©^^fc 

-tr X * * If > 1 3 li$?rlfc 0 

GPC ia f) 'J 1/ >HI©Iif i^^^iM, £ 

SiJ^L^iC:^^3 0 0 0 0 T2bofc 0 ^ fl- S& iR X ^ * 
h^»*f*8liLfci Si-C 6 H 5 i;: '/§ Jg £ ti & iR JR 

1 5 9 5 cm" 1 S. O* 1 4 3 0 cm - 1 K ^ * » # U V - 

z> ? - mm.* m & z. t * * -r si-o-si <z> & # # ig & 

S> in ^ A $ n S IK 4X J&< 1 1 3 5 cm" 1 &. 1 0 4 5 cm" 1 iC 
m m\ £ ti . Si -OH i:§I$tiS®JR(i 3 4 0 0 cm" 1 SI 
$|J $ tl tt o tz o 

1 H-NMR-&- SiJ 5£ L <h C ?> . 3 - ^ 'J K ^ n b? 

;l/ y / f- JV »; ;Ht7 * — )V m + © H m i)< M M t$ ti tz 

mmm 1 o 

•>yl/4rX + ^- + -9->l 0 i 1,3-t'X (S- * fl/ i] -? 
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h -f P tf;l/)-l,1.3.3-'f- Y * + )\/ : J : s u *y 1/ 1 0* 
h^i>4 0fi:agPi>7K^'fk4r->^A0. 2 
S * SIS £ ft i£ 3- . COS^rtl^SSa^l:Taj||$L3 
mfflfiam L tz o tfc & * Nr « * £! * * ^ -7 i - ;u •> ;Hr x 

r £ *< & t? ic o n % m l t £ 3 i^ra»jctt-r^r**p 

4b -fe •> -5 A £ it j& tc J; |& £ L & . y^y-yUl 0 0 

a * g& <t * 4 o o Kiaarii*, iz 

* At i] -7 H * S L f U ^ ft # U ^ i A- •> ;u -t? x + 
^ + ^>^)5t^-t±-Li6^o 8lR£Bfc<ft*i*BiJL;fcafc* ft 
ffi <fe » L T . *JKiryyl/*^hJt*WLA:5^-ai->'J 
;Mtl 'J 7 i-;l/->;H:X + t + t> 1 0 fi * S|$ # A: 

o 

gpc lao^'Jxfi/yiioiif^^fiMw * 

m& l tz t c ?> m i 5 o o-e*o^ 0 * * r jr x ^ * h 

^»«f*fll^L^t^*s S i -C 6 H 6 $ ns»JRi< 

1 5 9 5 cm-'Stf 1 4 3 0 cm"'l:^ £ ^ it U =/ v - j&< 

5 ^-ii*^ < ; t*itsi-o-si 

«U5»Jc»«sn*IRJR*<l 1 3 5 cr'Rtf 1 0 4 5 cm 
1 || fflij $ tl A: o * tz , S i - OH ic m £ ft £ ft JR U 3 4 
0 0 cm 1 (c f& M £ ft o o 

1 H-NMR£ ffl M L tz t Z. 6 % 3- / JU fj -f Y -f p f ;U s> y 
^ ;u ^ »J ;i/ & t 7 i — S 4> © h ^ i)< M mi $ ft tz 0 
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m ft it -r . & m & « tt w m 

y 7 i - •> ^ -t x + ^ + 
£ £ o * tz . C ft J; 
— JU i/ jV 7> * > 

? N -tr 5 $ <y ? X . & Jl . 

y > y m , » # & s ^ 

. S 19 *6 *i flg x 

v - 5 - •> 

*y-^^. m # ^ • # 



PCT/JP98/01098 
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i£ ft s ffi ^ ft t? ^ 

(i , ft SIM:: * RS > ^ftit i 
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/•C J6 # 5 X % ^•S^'vX^-.y 

B/f5Xftit L T O •> - h 

X -r A ffl 3§ H N * 51 '< r * 
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xii#tti# y -7 - <d it ¥ 

m ~c & & o 
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OtiSC^f tl^T*0. £ tz , #5£ (A) ~ (F) 

X^ttS h *) * A/ J -> 'J ^ S *>< £r L T ^ & C £ £• 
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